Introduction
Cobalt(O) complexes stabilized by trimethylphosphines usually bind olefin functions by simple jr-coordination,e. g. in compounds Co(olefin)(PMe 3 ) 3 (olefin = C 2 H 4 , C 3 H 6 , cyclo-C 5 H 8 [1] , norbornene [2] ), while 17 electron complexes Co(olefin) 2 (PMe 3 ) 2 could not be isolated at ambient temperature. However, the cobalt(O) state can be stabilized by suitable diolefin ligands as shown by the synthesis of Co(1.5-cyclooctadiene)(PMe 3 ) 2 and Co{[CH 2 =CHSiMe 2 ] 2 0}(PMe 3 ) 2 [2], The properties of diolefins have to correspond with the metal center in detail that is presently not well understood [3] . Norbornadiene binds two cobalt(O) centers by exo-7r-coordination, providing a pathway for effi-cient spin exchange and a diamagnetic ground state of (w-C 7 H 8 )[Co(PMe 3 ) 3 ] 2 [2], In many pentacoordinate cobalt(I) compounds chelating ^-norbornadiene is accommodated by a suitable angle of vectors midpoint C=C to cobalt of 70 °C [4] , although this diene possesses no flexible conformation.
Therefore we undertook an investigation of other diolefin ligands with highly flexible conformations and polyolefins with a choice of chelate rings of different size when attached to Co(PMe 3 ) 2 moieties (13 electrons) and Co(PMe 3 ) 3 + or CoR(PMe 3 ) 2 (14 electrons). Variation of suitable diolefin ligands (CH 2 =CHSiR 2 ) 2 0 [1] and diallyl compounds of simiRn R = Me, 0Me,0Et X= 0 ; n = 0 X = N, P; n = 1 X = Si ,Sn ; n = 2 lar size of chelate rings appeared to be a useful concept.
In the case of X = Nand R = CH 2 N(CH 2 CH = CH 2 ) 2 , a tetraolefin is available that possesses highly flexible conformation and offers two chelate rings of different size. Therefore its ligand properties in cobalt (O) and cobalt(I) complexes were of particular interest.
Experimental Section

General procedures and materials
Standard vacuum techniques were used in the handling of air-sensitive materials. Solvents were dried and kept under argon and were freshly distilled before use. Diolefins (Merck-Schuchardt, Ventron) were stored over 4 Ä molecular sieves and distilled in vacuo prior to synthesis. Vinylsiloxanes [5] , bis(diallylamino)methane (BDAM) [6] , diallyldimethylstannane [7] , diallylphenylphosphine [7] and ketenedivinylacetal [8] were prepared by literature methods.
Microanalyses (C, H by combustion; cobalt by AAS) were carried out in the microanalytical laboratory Malissa & Reuter. D-5250 Engelskirchen, West Germany, under inert gas. Melting points as determined in sealed capillaries (Biichi) are uncorrected. Infrared spectra were recorded on a Perkin-Elmer 397 spectrophotometer, and mass spectra on a Varian MAT-311 A (ion source EI. 70 eV) with data system SS 1100. 'H NMR spectra were measured with a Varian EM 360 Anaspect (60 MHz), 31 P NMR spectra (121.5 MHz) with a Bruker W 300. with TMS and H 3 P0 4 , respectively, as external reference.
Preparations Syntheses of Co {[CH 2 = CH(OR) 2 SiJ 2 0}
(PMe 3 ) 2 , R = CH 3 (1), R = C 2 H 5 (2) To a green solution of Co(cyclo-CsH 8 )(PMe 3 ) 3 [1] (1.87 g. 5.27 mmol) in 50 ml of pentane at -70 °C, 1.3-divinyltetramethoxydisiIoxane [5] (1.32 g. 5.27 mmol) or 1.3-divinvltetraethoxydisiloxane (1.61 g. 5.27 mmol), were added. The mixture was allowed to warm up to 20 °C under stirring. After 3 h the colour was dark violet. The volatiles containing trimethvlphosphine (400 mg, 5.27 mmol) were removed in vacuo and the residue was extracted with 20 ml of fresh pentan. The filtered solution was concentrated in vacuo to 10 ml and crystallized over dry ice to give 1. 53 mmol) in 50 ml of pentane are slowly evaporated in dynamic vacuo over a period of 5 h at 20 °C until a yellowgreen oil is obtained. This is redissolved in 20 ml of fresh pentane. filtered and evaporated to give a constant weight of 0.54 g of a green oil at 20 °C, 0.1 mbar, decomp pt >80 °C. The compound invariably contains up to 5% Co(PMe 3 ) 4 [10] (IR) that cannot be removed by column chromatography (conditions as in the synthesis of 2). b) Upon anhydrous CoCl 2 (0.52 g. 4.00 mmol), magnesium turnings (0.20 g, 8.20 mmol) and diallyldimethylsilane (0.56 g, 4.00 mmol) are condensed in vacuo 20 ml of THF containing trimethylphosphine (0.61 g, 8.00 mmol) at -70 °C. The mixture is warmed up and stirred vigorously for 12 h at 20 °C. The volatiles are removed in vacuo and after 1 h at 20 °C, 0.1 mbar, the residue is extracted with 50 ml of pentane. The green solution is evaporated and the resulting oil is dried to give 0.67 g 3 containing up to ca. 10% Co(PMe 3 ) 4 (IR Experimental details of the X-ray structural analysis are summarized in Table I . Fractional atomic coordinates are given in Table II , and selected struc- 
tural data of 4 are given in Table IV gives stoichiometrics and yields of syntheses (eq. (1)). The cobalt(O) compounds 1-4 are almost infinitely soluble in low polarity solvents. From concentrated pentane solutions 1, 2 and 4 crystallize, while 3 is obtained as green oil.
These paramagnetic cobalt(O) complexes rapidly decompose in air, like their monoolefin precursor. Their *H NMR spectra show large shifts of all signals depending on concentration. The broad PCH 3 resonance overlaps with the signals of olefinic protons.
In their infrared spectra, coordination of both olefin functions is inferred from the absence of vC=C bands of the free diolefin and the appearance of new absorptions at lower frequencies that are characteristic of jr-coordinated olefins.
v=CH bands above 3000 cm -1 characteristic of CH 2 =CHSi and CH 2 =CHCH 2 Si groups are shifted by ^-coordination to the aliphatic region (Nujol), while vC=C bands at 1595 m -1 (allyl groups) and 1625 cm -1 (vinyl groups) experience a large bathocromic shift (Table V) .
Assignment in the IR spectrum of 4 is uncertain because of a multitude of absorptions. But at least the absence of vC=C at 1635 cm -1 of the tetraolefin verifies that no olefinic function has remained uncoordinated.
The mass spectra contain a peak for the molecular ion only in the case of 3 while 1, 2, and 4 appear after loss of phosphine. Fragmentation patterns are otherwise as expected (see experimental section). Thermolysis releaves unchanged diolefin ligands and PMe,, leaving pyrophoric cobalt as a residue.
Transfer of allyl groups
An attempted ligand substitution reaction (eq. (2) (I))-
The same allylcobalt complex is generated in low yield among other products by P-C (allyl) cleavage (eq. (3) 
Without activation by a ketene double bond, vinyl ethers are less reactive as shown in a similar reaction (eq. (6)) that gives several byproducts. In all these potential diolefin ligands C-O bonds are easily cleaved, thereby preventing a study of electronic effects of neighbouring oxygen atoms on olefin ^-coordination. As C-N bonds are expected to be less reactive, a study of aminoolefin ligands in cobalt(O) complexes was undertaken.
Aminoolefin ligands in cobalt(O) complexes
Enamines such as 1-pyrrolidino-cyclopentene fail to react under the same conditions as eqs (1 - 
The first allylamine complex of cobalt(O) (5) was obtained in a smooth reaction (eq. (7)).
The green solid is freely soluble in ether or hydrocarbon solvents from which it is recovered by freezing concentrated solutions and isolated with heavy losses. At -30 °C 5 appears to be stable indefinitely, but the solid decomposes at 20 °C within days to give a dark brown liquid containing CoH(PMe 3 ) 4 [14] as major product.
Diolefin cobalt(I) compounds
All diolefins mentioned in the previous sections were tested in a synthesis of pentacoordinate olefin cobalt(I) complexes. An optimized standard reaction using norbornadiene and CoCl(PMe 3 ) 3 [15] (eq. (8) 
Magnetic properties of 4
The dinuclear cobalt(O) compound 4 contains two unpaired electrons which could remain localized on Although all evidence points to ;r,7r-orbital interaction in the norbornadiene complex, a pathway involving a-bonds cannot be excluded. The question of coupling of paramagnetic centres in 4 was settled by recording its magnetic susceptibility down to 3.6 K [17], Fig. 1 gives the result of measurements. From T = 3.6-293 K, all values for Xmo\ fall ver Y nearly on a straight line. 4 contains isolated spins with u tii = 2.0 jU B per Co atom. The slight difference from the spin-only value is probably due to contribution of the orbital angular momentum. This result proves that neither cr-bonds nor through-space interactions support spin-spin interaction for dinuclear cobalt(O) complexes. Only additional orbital interactions, such as 7i,Ji in the norbornadiene complex, can mediate spin-spin coupling over distances >5 A.
C16
Crystal arid molecular structure of 4 Analytical and spectroscopic data are consistent with an rj 4 coordination mode of four olefin functions of BDAM at two cobalt atoms in a dinuclear complex. Oligomeric or polymeric structures containing bridging tetraolefin ligands are at variance with the high solubility of the compounds. The preferred chelate ring size was determined by X-ray crystallography. Fig. 2 gives a view of the dinuclear complex 4. Its tetraolefin ligand consists of two diallylamino groups connected by a methylene bridge at an angle N(1)C (13) Clearly this common feature of two significantly different equilibrium bond lengths Co-L between the 17 electron cobalt center and the two coligands L (L = PMe 3 , CH 3 CN) in these CoL 2 (bisolefin) complexes deserves attention. Molecular orbital calculations of the Extended Htickel type were employed to try to explain this phenomenon. All the CoL 2 (bisolefin) complexes of known structures, i.e. 4, Co[(CH 2 =CHSiMe 2 ) 2 0](PMe 2 ) 2 and Co(EtOOCCH = CHCOOEt) 2 (CH 3 CN) 2 , could, in principle, have pseudotetrahedral molecular geometries, in which, due to the potential symmetry of the ligand sets, the two coordinated coligands and the two olefin moieties, respectively, are bound in an identical and symmetric fashion. In other words, molecular point groups with equivalent Co-L bonds are not excluded by any intrinsic dissymmetries of the ligands employed, but are nevertheless not found experimentally. This seems to suggest the idea, that the observed molecular structures of lower symmetry and, in particular, the two distinctly different Co-L bond lengths in each CoL 2 -subunit might be a consequence of the presence of the unpaired electron at the 17e Co center. We therefore decided to perform a series of MO model calculations for (PH 3 ) 2 Co(C 2 H 4 ) 2 , the parent system for such CoL 2 (bisolefin) molecules, and to study its electronic structure and its groundstate geometry. The Extended Hiickel MO method was employed with details given in the Appendix.
Let us start out from an idealized structure of (PH 3 ) 2 Co(C 2 H 4 ) 2 , 7, displayed in Fig. 4 . which represents the interaction diagram between a bent CO(PH 3 ) 2 fragment [21] and the (C 2 H 4 ) 2 -ligand set with all its four carbon atoms on the P-Co-P bisector plane, and with equivalent tetrahedral angles P-Co-P and M,-Co-M 2 of 109.5°.
The molecular orbitals of a bent ML 2 fragment, shown at left in Fig. 4 , are well known and have been EleVl Fig. 4 . Interaction diagram for 7 between Co(PH 3 ) 2 (C 2 symmetry, C 2v labels used for simplicity) and two coplanar ethene ligands (C 2v ). Only the metal contributions to the Co(PH 3 ) 2 wave functions are shown.
described multiply in the literature [22] , so they need not be reiterated here. For the specific molecular geometry 7 of (PH 3 ) 2 Co(C 2 H 4 ) 2 , chosen in Fig. 4 , their interactions with the symmetry-adapted linear combinations of JT and JT* MOs of the C 2v bis-ethylene ligand set (la^ lbj, 2a 1? 2bj) are straightforeward. The two occupied ethylene levels lai (JTX+JT2) and lb, (TC\ -JT2) interact with the metal fragment's d-levels of appropriate symmetry and of matching nodal-character as well as with 3a! and 2b, (sp-hybrid, p z ) on the (PH 3 ) 2 Co side, the latter being the acceptor orbitals of the ML 2 subunit at rather high energy. Orbitals lai an d lb] of the complex then represent the dative JT to metal bonding between (PH3)2CO and the (C2H4)2 moiety. Back bonding only occurs between la] of the cobalt fragment and 2a]
°f th e bisolefin set. The JT\* -JT2* linear combination of the two C2H4 ligands (2 b,) remains nearly unaffected in 7, because it has too many nodes to be matched by any of the metal orbitals. For the conformation chosen in Fig. 4 . the unpaired electron resides in MO b 2 of the complex, a nearly pure 3d level (xy) at the Co center, which, like MO a 2 , is hardly influenced by ethylene coordination at all.
The picture provided by Fig. 4 . in which only one of the two available JT* based acceptor levels of the bisolefin fragment can function for backbonding, and in which consequently only one d-electron pair is stabilized, clearly suggests that a different ground state conformation should be more stable than the in-plane "C 2v " orientation of the two olefin ligands. In order to probe this, we simply computed a full potential energy surface as a function of the rotational orientation of the two C 2 H 4 units, described by the two angles a and ß shown in 8, varying each from 0° to 180°.
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For a rigid (PH 3 ) 2 Co fragment (C 2 ) and a fixed (109.5°) Mi -Co-M 2 angle in 8 a contour representation E-E(a/ß) is depicted in Fig. 5 .
The idealized conformation 7, originally given in Fig. 4 , would correspond to the four corners of the contour diagram of Fig. 5 (identical geometries for Table V. conformations 0/0, 0/180, 180/0 and 180/180). Near this geometry, energy maxima C-E of the olefin rotation potential are found. Compared to 7, these energetically worst conformations have both ethylene units slightly rotated around the Co-M, and Co-M : axis by 20-25° in a conrotatory (C, D) or a disrotatory (E) fashion, respectively. Here the least favorable H -H contacts between ethylene ligands are turned on. Two minima appear on the energy surface, A and B, both of practically the same energy [23] . The relative stabilities for A-E are given in Table VI , which also contains the 90/90 conformation (filled circle in Fig. 5 ), which is practically the transition state between minima A and B. These two H,P.
geometries at minimal energy are best described as having both ethylene ligands rotated in such a way, as to align each C-C bond parallel with one of the Co-P bond vectors, as indicated in 9.
If the restriction of constant P-Co-P and M[ -Co-M 2 angles is abandoned and if these angles Fig. 6 . Interaction diagram for 9 (C 2 symmetry) between Co(PH 3 ) 2 (C 2 , C 2v labels used for simplicity) and two ethylene units (corresponding to A, B in Fig. 5 ). Only metal contributions to the Co(PH 3 ) 2 MOs are shown. and a "bending back" of the CH : hydrogens is allowed for, some further stabilization of 9 (A, B) by about 4 kcal results. The P -Co-P angle optimizes at 105.6°, the M,-Co-M ; angle at 100.5°. each ethylene carbon pyramidalizes in the expected way. Fig. 6 provides an interaction diagram analogous to Fig. 4 , now for the minimum energy conformation 9 (C 2 symmetry).
The essential point to note from Fig. 6 is that now both empty JZ* MO levels (JZ]*+JZ2* and jr,*-JT2*) of the olefin ligands can interact with d-levels of the (PH 3 ) 2 Co fragment so that back donation to the olefin ligand set now occurs from b 2 and from 1 a) of the metal fragment, leading to greater overall stability. The singly occupied MO of the complex essentially is still of pure 3d character (xz, derived from lb, of (PH 3 ) 2 Co) i. e. heavily localized at the metal center in accord with experimental findings. From the potential energy surface of Fig. 5 and from Table VI it is apparent, that only restricted rotation is possible for one or for both olefins. The calculations predict, however, extremely facile interconversion between the two minimum conformations (A and B) via the 90/90 saddlepoint, as indicated in the schematic representation of 10.
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In the context of our initial problem, i.e. with respect to the observed structure of 4 and of its congeners, we of course note, that there is no a priori reason, why the unpaired electron should cause different Co -L bond lengths. The minimum energy structures {viz. 9 or 10) of effective C 2 symmetry ought to have equivalent PH 3 groups and the calculations accordingly do show identical Co-P overlap populations. A closer look upon the experimentally determined geometries, however, reveals that in the real compounds, e.g. in 4, the two olefin moieties do not adopt a symmetrically twisted conformation 9 with local C 2 symmetry of the Co-bisolefin subunit. The X-ray structure determination of 4 (vide supra) shows a bisolefin fragment orientation, which for our model (PH 3 ) 2 Co(C 2 H 4 ) 2 would correspond to the position indicated by the crossed circle in the energy surface of Fig. 5 . The incorporation of the two coordinating double bonds into a chelating ring system obviously enforces a rotational alignment of both olefin units nearly parallel to one of the Co-P bonds (viz. Fig. 2 ), corresponding to a disrotation in model 7 leading to the crossed circle geometry in Fig. 5 . Furthermore the M, -Co-M 2 angles found in 4 are larger than the optimized one for A with its independent olefins. The geometry found for both halves of complex 4 and similarly for Co[(CH 2 =CHSiMe 2 ) 2 0](PMe 3 ) 2 is sketched in 11.
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In calculations for the specific rotamer of the model (PH 3 ) 2 Co(C 2 H 4 ) 2 which mimics 4 (crossed circle in Fig. 5 ) the expected inequivalence of Co-P overlap populations is confirmed and the larger overlap population is associated with the Co-P bond along which the olefin ligands are aligned. This should therefore be the shorter Co -P bond (Co-P, in 11). Experimentally this is exactly what is found. In 4 the double bonds are approximately parallel to Co! -Pi and Co 2 -P 3 , and these do display the shorter Co-P distances. The same is true for Co[(CH 2 =CHSiMe 2 ) 2 0](PMe 3 ) 2 [1], For Co(EtOOCCH=CHCOOEt) 2 (CH 3 CN) 2 [20] without a restrictive chelating link between the two olefin bonds we nevertheless note in the crystal structure an approximate parallelity between the two carboncarbon bonds and one of the cobalt to acetonitrile bonds. Here, too, this one has the shorter Co-N distance. The absolute differences in magnitude between the two Co-P bond overlap populations for various non-C s , -C 2 and -C 2v rotamers of (PH 3 ) 2 CO(C 2 H 4 ) 2 is very small (Co-P,: 0.531, Co-P 2 : 0.529 in 11) but their trend is consistent with the observed structures. So we conclude from our model MO calculations, that it is the specific olefin rotational orientation in a 17 electron CoL 2 (bisolefin) complex that determines the Co-L bond distance pattern, and not the presence of the unpaired electron, which resides in a "pure" metal d-type SOMO.
The mutual alignment of the two coordinating olefinic bonds in turn will be a consequence of and will be set by steric constraints due to chelate links as in 4 or its siloxane analog or may result from interligand interactions or from crystal packing. It would be of course possible, to calculate the relative magnitudes of Co-L overlap populations (e.g. Co-P,, Co -P 2 ) for all conceivable olefin orientations and to display them as contour diagrams analogous to the total energy plot of Fig. 5 . We decided not to do so because qualitative understanding would hardly improve and a quantitative calibration is only possible for each special case of L and olefin ligands anyway. We note that a structure determination of Co(1.5-cyclooctadiene)(PMe 3 ) 2 [2] would be of interest in order to test this result.
We finally would like to comment upon the fascinating molecule (PEt 3 ) 2 Fe(C 2 H 4 ) 2 , which was synthesized recently and the structure of which was determined [24] , This iron system (16e) has one electron less than the bisolefin cobalt complexes discussed here and is closely related to our model (PH 3 ) 2 CO(C 2 H 4 ) 2 .
Interestingly the molecular geometry of (PEt 3 ) 2 Fe(C 2 H 4 ) 2 is very close to our P-Co -P and M, -Co-M 2 optimized geometry 9 (P-Fe -P = 106.2°, C 2 overall symmetry, torsional angle between C2H4 bonds 35.8°, each parallel to one of the Fe-P bonds). From Fig. 6 , which for (PEt 3 ) 2 Fe(C 2 H 4 ) 2 holds one electron less, one would predict two unpaired electrons for the iron complex. Indeed the compound has been described as paramagnetic, without further details given. From Fig. 6 Table VI. Relative stabilities of conformers.
Conformer ABC D E 90/90 © A* E rel (kcal) 0 1.4 13.5 12.5 11.6 3.0 7.2 -3.9
* A with optimized P-Co-P and M,-Co-M 2 angles. So in a sense the 16 electron system with its structure and properties provides an independent check of our Co results above.
Appendix:
The molecular orbital calculations were of the Extended Hiickel type [25] with a modified Wolfsberg-Helmholz formula employed for calculating the Hjj matrix elements [26] . The atomic parameters for Co and P are given in Table VII the C and H parameters were standard ones [25] . The following geometric parameters were used: distances Co-P = 220 pm, Co-C = 204, C-C = 140. C-H = 108, P-H = 142: angles P-Co-P. H-P-H.
M, -CO-M2 tetrahedral (unless optimized, see text), H-C-H = 120°.
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